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Chronic kidney disease (CKD) is a major global health problem affecting over 13% of the 
adult Western civilization. In CKD patients, cardiovascular (CV) disease is the main cause of 
morbidity and a more significant cause of death than kidney failure itself. Traditional risk 
factors do not totally explain this high CV risk, suggesting that other factors may be in-
volved. Endothelial dysfunction (ED) plays an important role in the pro-inflammatory state 
observed in patients with CKD and seems to be in the basis of CV disease in this popula-
tion. Although the causative relation is still to be fully determined, it is documented that ED 
deteriorates with CKD progression, worsens on dialysis and improves with kidney trans-
plantation. Restoring endothelial function in CKD patients seems to reduce CV risk and, 
therefore, can be aimed therapeutically as a target. Several therapies directed to the endo-
thelium and to the pathophysiologic mechanisms of ED have been proposed so far, but 
their real impact on CV outcomes is still to be defined. The aim of this work is to review how 
ED can be assessed in CKD patients, how it affects CV outcome in this population and how 
it can be directed as a potential therapeutical target. 
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A doença renal crónica (DRC) é um sério problema de saúde global que afeta mais de 
13% da população adulta dos países ocidentais. Em pacientes com DRC, a patologia car-
diovascular (CV) é a principal causa de morbilidade e uma causa de morte mais significativa 
que a própria falência renal. Os fatores de risco tradicionais não explicam na sua globalida-
de este risco elevado, sugerindo que outros fatores possam estar envolvidos. A disfunção 
endotelial (DE) tem um papel importante no estado pró-inflamatório que se verifica nos do-
entes com DRC e parece ser a base da patologia CV nesta população. Apesar da sua rela-
ção causal ainda não estar totalmente determinada, está documentado que a DE deteriora 
com a progressão da DRC, agrava com a terapêutica dialítica e melhora com o transplante 
renal. Recuperar a função endotelial nos doentes com DRC parece reduzir o risco CV e, 
portanto, pode ser encarada como alvo terapêutico. Foram propostas até hoje diversas 
terapias dirigidas para o endotélio e para os mecanismos fisiopatológicos da DE, mas o seu 
real impacto a nível CV ainda está por determinar. Este trabalho pretende fazer a revisão de 
como a DE pode ser avaliada nos doentes com DRC, qual o seu impacto nos resultados CV 
desta população e como pode ser apontada como potencial alvo terapêutico. 
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The endothelium is the largest organ in the body, consisting of a complex layer of cells 
lining between the circulating blood and the vascular smooth muscle layer (figure 1). In or-
der to maintain vascular homeostasis, endothelial cells (EC’s) are sensitive to mechanical 
stimuli such as pressure and shear stress, and hormonal stimuli, such as substance P, 
thrombin and bradykinin 1. These stimuli cause hemodynamic and structural variations, 
stimulating EC’s for the synthesis of paracrine factors that act simultaneously in the vascu-
lar lumen and in the blood vessel wall 2. This dynamic balance is maintained by different 
factors, including endothelium-dependent relaxing factors (EDRF’s) and endothelium-
dependent contracting factors (EDCF’s) 3. EDRF’s include nitric oxide (NO), prostacyclin 
(PCl2), bradykinin and endothelium-dependent hyperpolarizing factor (EDHF). 
Many authors highlight NO as the key factor in vascular dilation (figure 2). NO is pro-
duced in the endothelium by the endothelial NO synthase (eNOS) which, together with the 
inducible NOS and the neuronal NOS, belong to a family of arginine hydroxylases 4. In the 
vascular smooth muscle, NO induces a cGMP-mediated vasodilation which is important, for 
example, for the adaptation of organ perfusion to changes in cardiac output 5. It also pro-
vides a nonadhesive surface for circulating leukocytes, and inhibits vascular smooth muscle 
proliferation, platelet aggregation and thrombus formation 2, 4. 
NO and the others EDRF’s oppose to EDCF’s, which include angiotensin II (AT-II), 
thromboxane A2 (TxA2) and endothelin-1 (ET-1). ET-1 binds to G-protein coupled receptors, 
ETA and ETB. These receptors are located in EC’s (ETB) and vascular smooth muscle cells 
and fibroblasts (ETA and ETB), facilitate a prothrombotic and proatherogenic phenotype and 










Endothelial dysfunction (ED) is characterized by a decreased endothelium-dependent 
vasodilatation and deficient NO activity in the vascular tissue 6, as a consequence of de-
creased NO production and increased NO bio-inactivation by reactive oxygen species 7. 
Proinflamatory conditions, oxidative stress, alterations in hemodynamic shear forces and 
others injurious stimuli may induce phenotypical changes that promote atherogenesis and 
vasoconstriction 2. The systemic effects are vast, leading to CV diseases such as athero-
sclerosis and hypertension, coronary heart disease, erectile dysfunction and renal disease. 
Therefore, ED has been recognized as a hallmark and a predictor of CV disease 3 and an 
early and important feature of CKD 8, 9. 
 
ASSESSMENT OF ENDOTHELIAL DYSFUNCTION 
Considering that endothelial dysfunction leads to atherosclerosis and other CV diseases, 
evaluation of endothelial function may assume a critical importance in the assessment of CV 
risk, namely in the CKD population 2, 7. Generally, different parameters are used in this eval-
uation: [1] endothelial function and cytokine production; [2] endothelial damage and athero-
sclerosis and [3] endothelial dysfunction and atherogenesis and thrombogenesis 2. It is 
agreed that these three parameters can be noninvasively registered in-vivo, namely by de-
termining endothelial-dependent vasomotion and circulating markers of endothelial 
function 4, 7.  
Noninvasive tests to determine endothelial-dependent vasomotion include: [1] flow-
mediated dilation evaluation by ultrasonography in the brachial artery 10, 11[2] applanation 
tonometry to quantify arterial stiffness 12, 13 and [3] laser Doppler flowmetry with iontophore-







Circulating indicators of ED comprise both products of endothelial activation as well as 
markers of endothelial damage and repair 2, 4. Table 1 includes the molecules that best re-
flect ED. It should be noticed that other potential markers, such as endothelin-1 or microal-
buminuria, have not proved to be useful in the clinical practice as markers of ED 1. On the 
other hand, asymmetric dimethyl-arginine (ADMA), a powerful inhibitor of NO synthase, is 
positively associated to increased progression rates of ED in the early stages of CKD pa-
tients. Endothelial progenitor cells (EPC’s) are also a powerful surrogate of ED and have the 
ability to differentiate into mature endothelium and participate in neoangiogenesis 16. Both 
ADMA and EPC’s are directly correlated to atherosclerosis and are also independent pre-
dictors of ED and CV disease 16-18. 
 
ENDOTHELIAL DYSFUNCTION IN CARDIOVASCULAR DISEASES 
As stated above, disruption of normal endothelial function is related to many CV or met-
abolic syndromes such as coronary artery disease, type 1 and 2 diabetes, heart failure and 
peripheral artery disease 2, 4, 9. ED is thought to precede the development of atherosclerosis. 
In fact, in patients with CV risk factors there is evidence of ED even before diseases are de-
tected by angiographic or ultrasound diagnostic examination. Risk factors for CVD include 
hyperlidipemia, hypertension, diabetes, smoking (both active and passive forms), obesity, 
infection and inflammation, all of which interfere with the endothelial homeostatic mecha-
nisms explained before, causing ultimately atherosclerosis and CVD 4, 9, 19. 
 
DEFINITION OF CHRONIC KIDNEY DISEASE 
Chronic kidney disease (CKD) defines the pathophysiological processes that culminate in 
progressively deteriorating kidney function and glomerular filtration rate (GFR). The Kidney 







the decrease in GFR and the increase in albuminuria to categorize the CKD in six different 
stages, from G1 (normal or high kidney function) to G5 (kidney failure) and to predict the risk 
of disease progression. The term end-stage renal failure (stage 5 CKD) encompasses the 
final stage of CKD where renal function can no longer ensure endogenous toxins excretion 
and fluid and electrolyte homeostasis, leading to the development of the uremic syndrome, 
which is lethal unless renal replacement therapy is prompted, using dialysis or kidney trans-
plant. Pathophysiologically, CKD involves two sets of mechanisms: (1) a specific etiological 
trigger (e.g. immune complex deposition, toxin exposure) and (2) progressive hyperfiltration 
and hypertrophy of healthy nephrons and consequent maladaptive changes, leading to a 
pro-inflammatory environment in the renal vascular system and sclerosis with distortion of 
the glomerular architecture. All these changes culminate, ultimately, in kidney function dete-
rioration 20. 
 
EPIDEMIOLOGY OF CHRONIC KIDNEY DISEASE 
AND IMPACT ON GLOBAL HEALTH 
The prevalence of CKD is continuously increasing worldwide year after year 21 and is, 
nowadays, recognized as a major global health problem, affecting over 13% of the adult 
Western civilization 9, 22. In the US alone, approximately 8 million Americans (~7% of popula-
tion) display moderate CKD (GFR 30 to 60 ml/min). Such a high frequency cannot be at-
tributed to immunologic or genetic conditions alone, because these are rare and affect less 
than 0,01% of the population 23. Indeed, the main drive factors behind this probably are the 
increasingly aged population and the world epidemic of type 2 diabetes mellitus 21. Some 
studies strongly suggest a link between CKD and CV events 22 and show that half of all pa-
tients with stage 5 CKD die from a CV cause. This risk is 15 times higher than the age-







are considered 8. CVD is, therefore, more deathly for stage 5 CKD patients than kidney fail-
ure itself 24. 
 
ENDOTHELIUM DYSFUNCTION IN CHRONIC KIDNEY DISEASE 
The pro-inflammatory state seen in CKD is strongly related do ED 25 and is caused by the 
decreased in renal function, chronic volume overload, comorbidities and undercurrent clini-
cal events, genetic factors and factors related to the dialysis procedure itself 7. Additionally, 
many authors advocate that endothelial dysfunction is the basis of CVD which, as stated 
previously, is the main cause of mortality and morbidity in patients with CKD 7 (table 3). Alt-
hough ED is undoubtedly present in the late stages-CKD, diseases promoting ED like diabe-
tes and hypertension seem to confound the data in early-stage CKD 9, making it more diffi-
cult to establish the link between ED and the different stages of CKD 26. It is known that ED 
deteriorates with CKD progression, worsens on dialysis and improves with kidney trans-
plant 25. We can postulate that ED can, therefore, be aimed as a therapeutical target in CKD. 
Indeed, restoration of normal endothelial function seems to induce a reduction in CV risk in 
CKD patients 7. For example, Chitalia N et al demonstrated that renin-angiotensin system 
blockers have been especially beneficial in restoring ED in this population 25. 
 
ENDOTHELIAL DYSFUNCTION DURING  
DIALYSIS AND AFTER RENAL TRANSPLANTATION 
Dialysis allowed a prolongation of the mean survival rate of patients with stage 5 CKD. In 
the USA there are approximately 615,000 patients with stage 5 CKD in dialysis. Treatment 
options encompass hemodialysis (the most performed modality), peritoneal dialysis (PD) or 







pressive drugs and transplant technique, kidney transplantation allowed most patients to 
have higher life expectancy and improved lifestyle than patients on dialysis 27. 
CV diseases are not only the main cause of death in CKD patients not requiring renal re-
placement therapy but also are the leading cause of mortality and morbidity in patients with 
CKD receiving dialysis or submitted to kidney transplant 26. However, traditional risk factors 
by themselves do not explain the extraordinary high risk of CV morbidity. Indeed, it seems 
that uremic toxins may also play an important role in increasing CV risk in these group of 
patients 26, 28.  
The mechanisms that aggravate ED in patients receiving hemodialysis are still to be de-
termined 29. Errakonda PR et al suggested that, despite the fact that NO availability is in-
creased during dialysis by clearance of its inhibitors, dialyzer membrane produces oxygen 
reactive species that neutralize NO, ultimately increasing ED 30. Vitamin E supplementation 
by vitamin E coated dialysis may supress this oxidative stress and inflammation 31. Some 
authors also point that hemodialysis-induced release of cell-free plasma haemoglobin exac-
erbates ED 32. Generally, all seem to agree that a single session of hemodialysis may be suf-
ficient to blunt the endothelium-dependent vasodilation 29, 30, 32.  
Regarding PD patients, ED might be caused by the overhydration related with the tech-
nique and elevated uremic toxins which in turn increases CV events and mortality 33, 34. Lee 
MJ et al confirmed that assessing endothelial function by FMD of the brachial artery can be 
helpful to stratify CV risk in these patients 35.  
In post kidney transplantation patients, different studies documented an improvement 
(but not total recovery) in ED when assessed by FMD of the brachial artery 26, 28, 36. Oflaz H et 
al established that there is an inverse relation between endothelial function improvement 
and shorter post transplantation time 36. Despite the ameliorated ED, decreased CV mortality 







the general population. This might be explained by the residual renal function impairment, 
side effects of immunosuppression (such as tacrolimus impairing endothelial function or 
cyclosporine causing decreased NO availability 28) and uremic toxicity prior to transplanta-
tion 26. 
 
ENDOTHELIAL DYSFUNCTION AS A  
POTENTIAL TARGET IN CHRONIC KIDNEY DISEASE 
Therapeutical approaches are based on the principle that restoring endothelial function 
will improve atherosclerotic disease and, therefore, CKD. Conventional therapeutical agents 
like statins and other lipid-lowering agents, antagonists of the renin-angiotensin system, 
calcium channel blockers and some β-adrenergic receptor blockers seem to have a role in 
ED improvement and have shown beneficial results in some studies 16. In a systematic re-
view, Reriani MK et al showed that statin therapy decreased CV morbidity and mortality in 
hypercholesterolemic patients. However, due to significant clinical and statistical heteroge-
neity among studies, they failed to prove the usefulness of statins as an initial therapy in 
patients with impaired endothelial function 37. Some studies have shown improvement in ED 
in chronic heart failure patients receiving a mineralocorticoid receptor blocker and angioten-
sin converter enzyme inhibitor 38, while others documented a reduction in proteinuria in CKD 
patients receiving spironolactone 39. On the other hand, homocysteine-lowering therapies 
(folic acid, vitamins B6 and B12) were not associated with a significant decrease in the risk of 
CV events and all-cause mortality in patients with CKD 40. 
Understanding ED pathophysiology and its intervening mediators may provide novel 
therapeutical approaches. Tomasoni L et al postulated that vaccination can modulate im-
mune responses during atherogenesis. Even though some preliminary tests showed promis-







search is required before they are included in clinical practice 41. Pharmacologically targeting 
ADMA has been inconclusive to date and no specific ADMA-lowering therapies are availa-
ble 7. New research may focus on caveolae and caveolin-1 which are sensitive to shear 
stress and regulate eNOS turnover and consequently NO availability 1. Recent studies re-
viewed the endothelial progenitor cells as a repair mechanism of ED and highlighted inhibi-
tion of their accelerated senescence as a possible approach to prevent ED and CV in pa-
tients with prehypertension and hypertension 42. Different studies also suggest pioglitazone, 
an antidiabetic drug with PPARγ agonistic activity as a possible therapeutical target, but 
with no significant results. In the endothelium and vascular smooth muscle, PPARγ in-
creased nitric oxide bioavailability and exerts anti-inflammatory action through the regula-
tion of target genes expression 16.  
Despite the fact that several strategies (summed up in table 4) have been studied to in-
terfere with CV risk factors, molecular mechanisms or intracellular signalling pathways of 
ED, no single agent has been approved for the treatment of ED, as none have succeeded in 
improving CV morbidity and mortality 43.  
 
FURTHER AVENUES 
Living kidney donors may play a major role in the understanding of the causative rela-
tions of ED in CKD and the related CV events, as healthy donors experience a sudden 
change from normal to modestly impaired renal function at the time of nephrectomy. One 
study suggested that prospectively examining the impact of uninephrectomy on the prog-
nosis of important functional and structural CV variables (endothelial function, arterial stiff-
ness, blood pressure or left ventricular mass) together with accurate measures of GFR 
might advise clinical decisions on whether CV risk reduction therapy should be initiated in 








ED is strongly linked to CV risk factors and to the development of clinical manifestations 
of CV disease. Whether ED is directly related to CKD development or just an initial trigger 
for CV disease that closely encompasses CKD, remains uncertain until further studies are 
conducted. A more profound understanding of all the pathways contributing to ED in CKD is 
important, not only to establish a causative relation between ED and CKD progression, but 
also to grant the development of new therapeutical approaches oriented to the improve-
ment of CV morbidity and mortality and to the reduction of the global impact of CV diseases 
in CKD patients. 
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Table 1. Circulating markers of ED activation, injury and repair. 
1. Products of endothelial activation: 
Asymmetric dimethyl-arginine (ADMA) 
E-selectin 
Vascular cell adhesion molecule 1 (V-CAM 1) 
Intercellular adhesion molecule 1 (I-CAM 1) 
P-selectin 
Tissue plasminogen activator 
Plasminogen activation inhibitor-1 (PAI-1) 
von Willebrand factor (vWF) 
Endothelial microparticles (EMP) 
Pentraxin 3 (PTX3) 
2. Markers of endothelial injury and repair: 
Circulating endothelial cells 


















Table 2. Kidney Disease Improving Global Outcome (KDIGO) classification of chronic kidney 
disease (CKD). 
 
Gradation of colour from green to red correspond to increasing risk and progression of CKD 
considering glomerular filtration rate (GFR) and albuminuria. Adapted from KDIGO 2012 
Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease, 















Table 3. Relation of CV mortality and different intervals of estimated glomerular filtration 
rate (eGFR) and albuminuria as urine ACR (albumin/creatinine ratio). 
 
Each cell represents a pooled relative risk from a meta-analysis. Bold numbers indicate sta-
tistical significance at P<0,005 and colours reflect the ranking of adjusted relative risk. 
Adapted from KDIGO 2012 Clinical Practice Guideline for the Evaluation and Management 















Table 4. Therapeutical targets for endothelial dysfunction. 
1. Conventional approaches: 
Statins and other lipid-lowering agents 
Angiotensin converting enzyme inhibitors (ACEI) 
Angiotensin receptor blockers (ARB) 
Mineralocorticoid receptor blocker (MRB) 
β-adrenergic receptor blockers 
2. Possible novel approaches  
Vaccination (anti-cholesterol metabolism) 
Anti-ADMA  
Caveolae and caveolin-1 
Circulating endothelial progenitor cells 

















Figure 1. Endothelium and smooth muscle cell interaction. Endothelium regulates: [1] vas-
cular tone by balancing endothelium-dependent relaxing factors (EDRF’s) and endothelium-
dependent contracting factors (EDCF’s); [2] platelet function by releasing activator and in-
hibitor factors; [3] fibrinolysis and coagulation through homeostasis of pro and anti factors, 
and [4] leukocyte adhesion, adhesiveness and migration by regulating the action of adhesion 
molecules. Full arrows (→) refer to induction whereas dashed lines (---) represent inhibition. 
AT-II, angiotensin II; EDHF, endothelium-dependent hyperpolarizing factor; ET-1, endo-
thelin-1; ICAM-1, intercellular adhesion molecule-1; NO, nitric oxide; PAI-1, plasminogen 
activator inhibitor-1; PGl2, prostaglandin 2; TF, tissue factor; TM, thrombomodulin; tPA, tis-
sue type plasminogen activator; TxA2, thromboxane A2; VCAM-1, vascular cell adhesion 
molecule-1. 
 
Figure 2. Endothelial nitric oxide synthase (eNOS) metabolizes L-arginine in L-citruline and 
nitric oxide. eNOS is stimulated by both mechanical (shear-stress) and chemical effects 
(substance P, bradykinin, acetylcholine) through Ca2+-calmomodulin (Ca2+-CaM) mediation. 
On the opposite side, eNOS can be inhibited by asymmetric dimethylarginine (ADMA), a 
metabolite of L-arginine. NO diffuses to adjacent smooth muscle cells (SMC) to stimulate 
guanylyl cyclase. Newly formed cGMP stimulates protein kinase type-C (PKC) which, in 
turn, inhibits the influx of Ca2+ and, therefore, vasoconstriction. Full arrows (→) refers to in-
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